ABSTRACT. We evaluated the immunotoxicity of deoxynivalenol (DON), a Fusarium mycotoxin, on bovine and porcine neutrophils in vitro by using two function parameters, luminol-dependent chemiluminescence and random migration under agarose. A 2-hr DON treatment suppressed the chemiluminescence of bovine and porcine cells by 42% and 35% (on average) at 10 -5 M, and by 19% and 26% at 10 -6 M. Slight suppression was observed at concentrations lower than 10 -6 M. However, after an 18-hr DON treatment, random migration of neutrophils of both species remained unaffected, even at the highest concentration (10 -5 M). Although further extensive studies are needed, to our knowledge this is the first study to have revealed in vitro that DON can affect neutrophil function. KEY WORDS: chemiluminescence, deoxynivalenol, neutrophil.
Deoxynivalenol (DON), also known as vomitoxin, is a trichothecene family mycotoxin produced by Fusarium fungi such as F. graminearum [13] and affects farm animals through ingestion of contaminated feed. Among animals, pigs are the most susceptible to DON, and often develop disorders such as a decrease in feed intake or feed refusal, vomiting and diarrhea, which lead to subsequent losses of weight gain [5] . Ruminants and chickens are considered less susceptible [5, 13] .
The trichothecene mycotoxins also have a wide range of immunomodulatory effects that target leukocytes [4] . Extensive evidence shows that DON can be immunosuppressive on acquired immune responses involving macrophages and lymphocytes [12] . In vivo, DON suppresses normal immune responses to pathogens [12] . In vitro, DON is known to affect lymphocyte blast transformation, antibody-dependent cellular cytotoxicity and natural killer cell activity on human or rat blood mononuclear cells [2, 3] . Similarly, the capacity of DON to affect neutrophils, critical mediators between innate and acquired immunity [6] , is attracting interest but is still poorly understood both in vitro and in vivo.
Our aim was to elucidate in vitro the effects of DON on bovine and porcine neutrophils by using two function parameters, luminol-dependent chemiluminescence and random migration under agarose.
Neutrophils were isolated from four 3-to 5-year-old clinically normal Holstein cattle (three cows and one castrated steer) and four clinically normal 2-month-old growing pigs. In brief, 10 ml of heparinized blood was drawn from the jugular vein, and the neutrophils were isolated from the blood using a polysucrose-sodium diatrizoate gradient solution (specific gravity 1.077; Histopaque TM , Sigma-Aldrich, Missouri, U.S.A.) followed by hypotonic red blood cell lysis as described previously [9] . The neutrophils were suspended to the appropriate concentrations in Hanks' balanced salt solution (HBSS) without Ca 2+ and Mg 2+ for each parameter. Wright-Giemsa staining indicated that >95% of the cells were neutrophils and trypan blue dye exclusion indicated that >99% of the neutrophils were viable. DON (molecular formula C 15 H 20 O 6 ; molecular weight 296.3, Sigma-Aldrich) was dissolved in absolute ethanol to prepare a series of 10-fold-diluted stock solutions ranging from 10 -2 M to 10 -6 M. The solutions were added to the neutrophil suspensions in 0.1% concentrations. Therefore, the final concentrations of DON in the cell suspensions were 10 -5 M to 10 -9 M, and the final concentration of vehicle ethanol was 0.1% in HBSS.
Luminol-dependent chemiluminescence, a bactericidal parameter, was evaluated as reported previously [8] .
Briefly, 200 µl of neutrophil suspension containing 2 × 10 5 cells was incubated with concentrations (10 -5 M to 10 -9 M) of DON at 37°C for 2 hr in a photon-counting luminescence analyzer (Lumat TM LB9505C, Berthold, Germany). Thereafter, 10 µl of luminol (final concentration: 0.5 mg/ml, Sigma-Aldrich) and 10 µl of phorbol 12-myristate 13-acetate (PMA, final concentration; 1.6 × 10 -5 M, Sigma-Aldrich), a protein kinase C (PKC) activator, were added, in that order. Total photon counts during the observation period (40 min) were recorded. Measurement was repeated at least twice on each cell sample. The chemiluminescence levels without DON (control) were 10 8.9 ± 0.2 and 10 8.4 ± 0.5 photon counts/ 2 × 10 5 cells/40 min (mean ± SD) in bovine (n=4) and porcine (n = 4) neutrophils, respectively. The chemiluminescence levels of DON-treated cells were assessed for statistical difference by Dunnett's multiple comparison test and were expressed as percentages over the control level in each sample.
Random migration under agarose was evaluated in 60 × 15 mm tissue culture petri plates by a modification of the method of Roth and Kaeberle [11] . Briefly, to evaluate migration by neutrophils, wells with a diameter of 2 mm were made in agarose containing 10% fetal bovine serum and filled with an aliquot of the neutrophil suspension (5 × 10 7 cells/ml) treated with concentrations (10 -5 M to 10 -9 M) of DON . The plates were placed in an incubator with a humidified 5% CO 2 atmosphere at 37°C. Following an 18-hr incubation, the plates were fixed by flooding with 6% glutaraldehyde for 1 hr. The agarose was removed and the cells adhering to the plate were stained with 1% crystal violet. The area of migration was determined by measuring the diameter of the circular migration area in millimeters and mathematically converting this to the actual area in square millimeters after subtracting the area of the center well. The control areas without DON were 12.9 ± 7.1 mm 2 (mean ± SD) in bovine (n=4) neutrophils and 8.3 ± 4.8 in porcine (n=4) neutrophils. The areas of migration of DON-treated cells were expressed as percentages over the control as described for the chemiluminescence measurement. Table 1 shows the luminol-dependent, PMA-elicited chemiluminescence of bovine and porcine neutrophils treated with DON for 2 hr at concentrations from 10 -5 M to 10 -9 M. DON treatment suppressed chemiluminescence of both bovine and porcine cells by 42% and 35% (on average), respectively, at 10 -5 M, and by 19% and 26%, respectively, at 10 -6 M. Slight suppression was observed at DON concentrations lower than 10 -6 M. In a separate experiment, neutrophils treated for 4 hr with DON at a concentration of 10 -5 M remained viable, as judged by trypan blue dye exclusion, and the cell numbers were unaffected, suggesting that suppression of chemiluminescence was not due to cell death or destruction (data not shown). Table 2 shows the random migration levels of bovine and porcine neutrophils treated with DON for 18 hr at concentrations from 10 -5 M to 10 -9 M. The migration of cells of both species remained unaffected, even at the highest concentration (10 -5 M). Neutrophils are a subset of phagocytic cells that have a key role in mediating the transition between innate and acquired immune responses [6] . Following phagocytosis, the cells induce an oxidative burst that produces oxygen species and destroys unwanted substances such as bacteria or fungi. Chemiluminescence was evaluated as a parameter of this bactericidal oxidative burst. Our in vitro study clearly showed that DON at pharmacological concentrations can impair the luminol-dependent PMA-elicited chemiluminescence of both bovine and porcine neutrophils. The fact that the oxidative burst induced by PMA (a PKC activator) was affected suggests that the inhibitory effect of DON occurs somewhere downstream of PKC activation in the bactericidal signal cascades. Although the mechanism(s) is yet to be clearly understood, this is the first study, to our knowledge, to have revealed in vitro that DON can affect neutrophil chemiluminescence. Incidentally, similar suppression has been observed of bovine neutrophils exposed to zearalenone, an estrogenic Fusarium mycotoxin [8] .
Random migration is, along with chemotaxis, a parameter used to evaluate the ability of neutrophils to move toward pathogens or sites of inflammation. Our 18-hr DON treatment, however, did not affect the migration of either bovine or porcine cells, even at the highest concentration (10 -5 M). The values {mean and range (in parentheses)} are percentages of the control (= 100) for bovine (n= 4) and porcine (n= 4) neutrophils. * There is a significant difference compared with the control according to Dunnett's multiple comparison test (p<0.05). The values {mean and range (in parentheses)} are percentages of the control (= 100) for bovine (n= 4) and porcine (n= 4) neutrophils.
